Background {#Sec1}
==========

Trauma is a leading cause of mortality worldwide, causing 5.8 million deaths annually \[[@CR1]\]. In 2017, it caused 17.2% of all deaths in the United Arab Emirates (UAE). Road traffic collisions and falls cause about 44% of these deaths \[[@CR2]\].

Al-Ain City is located in the Emirate of Abu Dhabi, UAE. It has a population of 766,009, consisting of 30% UAE nationals and 70% non-national inhabitants. The majority of non-nationals are laborers \[[@CR3]\]. Al-Ain Hospital is a general secondary teaching hospital with a capacity of 450 beds. It is a designated trauma center which receives the majority of trauma patients in our city.

There have been major developments in the trauma system in Al-Ain City over the last two decades. In 2001, a Trauma Group was established with the mission of promoting research and education to international standards so as to improve patient care. Al-Ain Hospital trauma registry was established in 2003 and was operated for a few years until it was suspended in 2007 due to lack of public funding \[[@CR4]\]. Studies based on records from this registry were used to inform injury prevention strategies and promote the establishment of a trauma system \[[@CR5], [@CR6]\].

As a result of these developments, numerous injury-prevention interventions were introduced. These included installation of a large number of road speed cameras, imposition of high penalties for speeding violations, educational and awareness programs on speeding and vehicle safety devices, and the enforcement of work safety regulations \[[@CR7]--[@CR9]\]. Meanwhile, the educational activities of the Trauma Group included establishing and running the Advanced Trauma Life Support program (ATLS) \[[@CR10]\] and Focussed Assessment Sonography for Trauma Courses \[[@CR11], [@CR12]\]. Furthermore, major improvements in the prehospital transport system and trauma management were led by the Department of Health of Abu-Dhabi. The number of health care providers and EMS-trained staff increased \[[@CR13]\], principles of damage control surgery were adopted \[[@CR12], [@CR14]\], and 24-h interventional radiology became available.

Given the broad range of these developments, it is beneficial to evaluate their impact on trauma pattern and clinical outcome in Al-Ain Hospital using the data available from our two trauma registries. These data were available for the historical period 2003--2006 and for the re-established trauma registry starting from 2014. We aimed to study the effects of the improvements in the trauma system on the trauma pattern, severity, and clinical outcome of hospitalized trauma patients in Al-Ain City, United Arab Emirates.

Patients and methods {#Sec2}
====================

Ethical considerations {#Sec3}
----------------------

Ethical approval for this study was obtained from the Human Research Ethics Committee of Al-Ain Hospital, Al-Ain, United Arab Emirates (AAHEC-03-20-008). Written informed consent to use patients' data for this research study was taken from the patients or their caregivers.

Data collection {#Sec4}
---------------

This is a retrospective analysis of two separate sets of prospectively collected trauma registry data. All trauma patients who were hospitalized in Al-Ain Hospital for more than 24 h or who died on arrival at the hospital were included. Data from two periods were analyzed: March 2003 to March 2006, and January 2014 to December 2017.

Studied variables {#Sec5}
-----------------

Studied variables included age, gender, nationality, mechanism and location of injury, method of transportation, physiological and anatomical severity markers (systolic blood pressure, heart rate, respiratory rate), Injury Severity Score (ISS), New Injury Severity Score (NISS), Glasgow Coma Scale (GCS), ICU admission, length of hospital stay, and clinical outcome. We categorized nationality into two groups: UAE and non-UAE, because we have previously shown that risks of injury for these two groups are different in our city \[[@CR15]\].

Calculations {#Sec6}
------------

Al-Ain City had an estimated population of 460,000 during the first study period \[[@CR14]\] and has a current population of 766,009 inhabitants \[[@CR6]\]. Al-Ain Hospital is a designated trauma center which treats about 80% of the hospitalized trauma patients of the city. Accordingly, the standardized incidence of hospitalized trauma patients per 100,000 population in Al-Ain City was calculated as follows: (1.25 × annual admissions)/(population/100000).

Statistical analysis {#Sec7}
--------------------

Data were presented as mean (SD) for continuous data, median (range) for ordinal data, or number (%) for categorical data. Pearson's Chi square or Fisher's exact test was used to compare categorical data of two independent groups. For large X × Y tables, overall significance of the table was tested. If the overall analysis was significant, then pairwise comparisons were done to explain the findings. Mann-Whitney *U* test was used to compare continuous or ordinal data for independent groups. Statistical analyses were performed using the Statistical Package for the Social Sciences (IBM-SPSS version 26, Chicago, Il). A *p* value of less than 0.05 was accepted as significant.

Results {#Sec8}
=======

During the first period, an average of 858 patients was admitted to Al-Ain Hospital for trauma per year, whereas an average of 880 patients was admitted per year for trauma during the second period. The estimated annual incidence of hospitalized trauma patients in Al-Ain City was 233 per 100,000 population for the first period, compared with 144 per 100,000 population for the second period, a reduction of 38.2% in trauma incidence over approximately 10 years.

Table [1](#Tab1){ref-type="table"} compares the demography of patients and severity of injury for the two periods. The percentage of both females and of UAE nationals who suffered injuries has significantly increased over time (females 17.9% compared with 21.2%, *p* = 0.002; and UAE Nationals 13.4% compared with 17.6%, *p* \< 0.0001 respectively). The geriatric group has significantly increased over time from 3.1 to 7.5% of the population (*p* \< 0.0001). During the second period, UAE nationals were significantly older in the geriatric group (above 60 years old) compared with non-UAE nationals (median (range) 74 (61--105) years compared with median (range) 68 (61--100) years, *p* \< 0.0001), but this difference was not significant in the first period (median (range) age of 70 (61--95) years compared with median (range) of 68 (61--100) years, *p* = 0.06) **(**Fig. [1](#Fig1){ref-type="fig"}**)**. Table 1Demography and severity of injury of hospitalized patients during the period 2003--2006 (*n* = 2573) and 10 years later (*n* = 3519) during the period 2014--2017, Al-Ain Hospital, Al-Ain, United Arab EmiratesVariableYears 2003--2006Years 2014--2017*p* valueAge31.4 (15.1)32.9 (17.9)0.12 Age group\< 0.0001  \< 18 years419 (16.3%)610 (17.3%)  18--60 years2059 (80.5%)2646 (75.2%)  \> 60 years79 (3.1%)263 (7.5%)Gender\< 0.0001 Male2228 (86.6%)2901(82.4%) Female345 (13.4%)618 (17.6%)UAE nationals461 (17.9%)745 (21.2%)0.002By ambulance863 (33.5%)1330 (37.8%)\< 0.001SBP133.1 (21.7)135 (31.7)\< 0.0001Heart rate90.3 (18.7)89.4 (20)0.002Respiratory rate21 (4.2)19.3 (3.9)\< 0.0001GCS^a^15 (3--5), 14.34 (2.48)15 (3--5), 14.74 (1.44)\< 0.0001ISS^a^4 (1--43), 5.61 (6)4 (1--75), 6.48 (6.21)\< 0.0001NISS4 (1--75)6 (1--75)\< 0.0001ICU admission202 (7.9%)559 (6.3%)0.02Hospital stay9.2 (12.6)5.9 (7.5)\< 0.0001Death58 (2.3%)35 (1%)\<0.0001*SBP* systolic blood pressure, *GCS* Glasgow coma scale, *ISS* injury severity score, *NISS* new injury severity score*p* = Pearson Chi square or Fisher's exact test as appropriate for categorical data and Mann Whitney *U* test for ordinal or continuous data^a^Data are presented as mean (SD), median (range), or number (%) as appropriate. Ordinal data are occasionally presented in addition as mean (SD) if the median is the sameFig. 1Box-and-whisker plot of age (years) of hospitalized geriatric trauma patients (older than 60 years) by nationality during the period 2003--2006 (*n* = 79) and 10 years later (*n* = 263) during the period 2014--2017, Al-Ain Hospital, Al-Ain, United Arab Emirates. The box represents the 25th to the 75th percentile IQR. The horizontal line within each box represents the median. ns, non-significant, \*\*\**p* \< 0.0001, Mann-Whitney *U* test

The percentage of patients who were brought to the Emergency Department by ambulance increased from 33.5 to 37.8% (*p* \< 0.0001). During the first period, patients who arrived at the Emergency Department had significantly lower systolic blood pressure (mean (SD) 133.1 (21.7) mmHg compared with 135 (31.7) mmHg, *p* \< 0.0001), had more tachycardia (mean (SD) 90.3 (18.7) mmHg compared with 89.4 (20) beat per minute, *p* = 0.002), and lower GCS (mean (SD) 14.34 (2.48) compared with 14.74 (1.44), *p* \< 0.0001). Nevertheless, the ISS and NISS were significantly higher in the second period (median (range) NISS 4 (1--75) compared with 6 (1--75), *p* \< 0.0001) **(**Fig. [2](#Fig2){ref-type="fig"}**)**. The ICU admission, length of hospital stay, and percentage of deaths significantly decreased over time (7.9% compared with 6.3%, *p* = 0.02; mean (SD) 9.2 (12.6) days compared with 5.9 (7.5) days, *p* \< 0.0001; and 2.3% compared with 1%, *p* \< 0.0001 respectively). Fig. 2Box-and-whisker plot of New Injury Severity Score (NISS) for hospitalized trauma patients during the period 2003--2006 (*n* = 2573) and 10 years later (*n* = 3519) during the period 2014--2017, Al-Ain Hospital, Al-Ain, United Arab Emirates. The box represents the 25th to the 75th percentile IQR. The horizontal line within each box represents the median. \*\*\**p* \< 0.0001, Mann-Whitney *U* test

Table [2](#Tab2){ref-type="table"} shows the mechanism of injury in the two periods. Motor vehicle collisions, falls from a height, injuries from falling heavy objects, and bicycle injuries significantly decreased over time (36% compared with 26.2%, *p* \< 0.0001; 18.4% compared with 12%, *p* \< 0.0001; 6.1% compared with 4.5%, *p* = 0.008; and 3% compared with 1.7%, *p* \< 0.001, respectively). In contrast, falling down and machinery injuries significantly increased over time (15.9% compared with 26.6%, *p* \< 0.0001; and 4% compared with 5.5%, *p* = 0.005 respectively). There was no change in the proportion of motorcycle injuries and burns. Fall injuries were significantly more frequent among geriatric patients (237/342 (69.2%) compared with others 1106/5734 (19.3%), *p* \< 0.0001, Pearson's Chi Square). Table 2Comparison of mechanism of injury of hospitalized patients during the period 2003--2006 (*n* = 2573) and 10 years later (*n* = 3519) during the period 2014--2017, Al-Ain Hospital, Al-Ain, United Arab EmiratesMechanismYears 2003--2006Years 2014--2017Number%Number%*p* valueMVC9253692126.2\< 0.0001Fall from height47318.442212\< 0.0001Fall down40915.993626.6\< 0.0001Heavy object1566.11604.50.008Burn1455.61734.90.21Machinery10241955.50.005Bicycle763591.7\< 0.001Motorcycle682.6942.70.94Other2198.555915.9\< 0.0001Total25731003519100*p* = Pearson Chi square or Fisher's exact test as appropriate

Table [3](#Tab3){ref-type="table"} shows the location where injuries occurred. There was a significant drop in trauma occurring on streets and highways, off roads, work places, and farms (40% compared with 28.7%, *p* \< 0.0001; 5.4% compared with 2.8%, *p* \< 0.0001; 29.5% compared with 21.6%, *p* \< 0.0001; and 3.2% compared with 1%, *p* \< 0.0001 respectively). In contrast, injuries in the home and in public places significantly increased (19.6% compared with 39%, *p* \< 0.0001; and 1% compared with 5.8%, *p* \< 0.0001 respectively). Table 3Comparison of location of occurrence of injury of hospitalized patients during the period 2003--2006 (*n* = 2573) and 10 years later (*n* = 3519) during the period 2014--2017, Al-Ain Hospital, Al-Ain, United Arab EmiratesLocationYears 2003--2006Years 2014--2017Number%Number%*P* valueStreet/highway102840.098928.7\< 0.0001Work-place75729.574621.6\< 0.0001Home50319.6134639.0\< 0.0001Off-road1405.4982.8\< 0.0001Farm823.2341.0\< 0.0001Public area261.02015.8\< 0.0001Other341.3371.10.37Total2570100.03451100.0*p* = Pearson Chi square or Fisher's exact test as appropriateNumbers do not add to the total number of each period because of missing data

Discussion {#Sec9}
==========

Our study has shown that developments in the trauma system of Al-Ain city have reduced mortality in hospitalized trauma patients by 56% and reduced injury incidence by 38% over the last decade. Road traffic collisions, falls from height, and injuries from falling objects significantly decreased, which could all be attributed largely to injury prevention interventions. Nevertheless, falls on the same level in the geriatric population remain a significant problem.

Trauma system establishment reduces mortality by 25% in severely injured patients \[[@CR16]\]. The 56% decrease in mortality in our study occurred despite the increased injury severity of our admitted patients, as indicated by the ISS and ICU admissions. These encouraging data are supported by the World Health Organization reports. The death rate resulting from road traffic collisions in the UAE dropped from 37 per 100,000 population in 2004 to 11.6 per 100,000 population in 2018 (68.6% decrease over 14 years) \[[@CR17], [@CR18]\]. The number of patients transported by ambulance to the Emergency Department has significantly increased. The improved vital signs of injured patients on arrival at the Emergency Department in the second period reflect an overall improvement in EMS pre-hospital care. EMS training and accreditation have expanded and improved in Abu Dhabi Emirate \[[@CR19]\].

Trauma is a major cause of death in developing countries globally \[[@CR20]\]. We think that the experience of developing a trauma system in Al-Ain City is unique and important. This required investment in the infrastructure, modernization of the health care system, training and education, and understanding of the epidemiology of injury, combined with enforcement of legislation and change in behavior \[[@CR8], [@CR9], [@CR21], [@CR22]\].

The percentage of females and UAE nationals who are injured has significantly increased over time. Participation of females in the workforce has increased in the UAE. Over 43% of women have a bachelor's degree compared with 23% of men. As a result, unemployment among women has dropped from 13% in 2013 to 9.6% in 2017 \[[@CR23]\]. This was associated with increased driving and outdoor activities.

Falls have become the first cause of injury at present compared with road traffic collisions 10 years ago. The proportion of geriatric trauma patients increased from 3.1 to 7.5% over the study period. UAE has the highest aging index among all Gulf countries due to improved health care \[[@CR24]\]. The increased risk of falls in the geriatric population is related to multiple factors including gait imbalance, weak joints, and use of medications \[[@CR25]\]. Falls caused almost 70% of geriatric injuries in the current study which is similar to findings from other studies \[[@CR26], [@CR27]\]. The location of injury has significantly changed over time. There was a decrease in injuries occurring on the roads compared with an increase of injuries occurring in the home and in public places. We need to develop a strategy to address injury prevention in these two locations.

Limitations {#Sec10}
===========

We have to acknowledge that there are certain limitations in our study. *First*, there was a gap in our registry between 2007 and 2014 because of lack of funding. *Second*, we studied trauma patients only in Al-Ain City which may not reflect the whole of the UAE. Nevertheless, our city is a small city which gives us an excellent opportunity to evaluate the effects of interventions on trauma epidemiology and management. *Third*, these hospitalized patients represent the tip of the iceberg of injuries as our study does not address those trauma patients who do not present at the hospital. Al-Ain Hospital trauma registry was the only one available in the UAE until 2010, so we could only use these data for comparison in our study. *Fourth*, we cannot define exactly the impact of each component of the trauma system individually. *Finally*, there are no detailed data on the underlying cause of injury or the associated circumstances.

Conclusions {#Sec11}
===========

Developments in the trauma system of our city have reduced mortality in hospitalized trauma patients by 56% despite the increased severity of injury. Furthermore, the incidence of injury in our city was reduced by 38.2% over the last decade. This was mainly a result of a decrease in injuries caused by road traffic collisions and of work-related injuries. Nevertheless, falls on the same level in the geriatric population continue to be a significant problem that needs to be addressed.

ATLS

:   Advanced Trauma Life Support program

GCS

:   Glasgow Coma Score

ICU

:   Intensive care unit

ISS

:   Injury Severity Score

NISS

:   New Injury Severity Score

SBP

:   Systolic blood pressure

SD

:   Standard deviation

UAE

:   United Arab Emirates

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

We thank Ms. Geraldine Kershaw, Lecturer, Medical Communication and Study Skills, Department of Medical Education, College of Medicine and Health Sciences, UAE University, for her assistance with linguistic corrections.

DOA, AAC, HOE, ZJ, and FAZ contributed to the study conception and design. DOA, HOE, ZJ, and FAZ contributed to the acquisition and coding of data. FAZ analyzed the data and wrote the results section. DOA and FAZ drafted the manuscript DOA, AAC, HOE, ZJ, and FAZ critically read the manuscript. All authors read and approved the final manuscript.

There was no funding for this research study.

There is no additional data available to share with the readers. Data can be shared with the Editor of the Journal if requested.

Ethical approval for this study was obtained from the Human Research Ethics Committee of the Al-Ain Hospital, Al Ain, United Arab Emirates (AAHEC-03-20-008). Written informed consents were taken from the patients or their caregivers to use patients' data in this research study.

Not applicable

The authors declare that they have no competing interests.
